Abstract. CrunchBase is a database about startups and technology companies. The database can be searched, browsed, and edited via a website, but is also accessible via an entity-centric HTTP API in JSON format. We present a wrapper around the API that provides the data as Linked Data. The wrapper provides schema-level links to schema.org, Friend-of-a-Friend and Vocabulary-of-a-Friend, and entity-level links to DBpedia for organization entities. We describe how to harvest the RDF data to obtain a local copy of the data for further processing and querying that goes beyond the access facilities of the CrunchBase API. Further, we describe the cases in which the Linked Data API for CrunchBase and the crawled CrunchBase RDF data have been used in other works.
Introduction
CrunchBase 1 in an online platform providing information about startups and technology companies, including related entities such as the products they sell, key people they employ, and investments they made and received. CrunchBase is mainly used by entrepreneurs, investors, and business analysts to look up information for gaining market insights. 2 Initially founded in 2007, CrunchBase is nowadays used "by millions of users" 3 to track the fast-changing world of startups. The CrunchBase data is edited by a community: Users with an account can add and modify facts via forms in a browser. Facts are thereby attributes of entities, such as the birth date of a person, or relations between entities, such as the acquisition of a company by another company.
The CrunchBase schema predefines entity types, attributes and relations. Since the CrunchBase data is in-ternally stored as a graph, the database is also called Business Graph. 4 Given the graph-based data model, the CrunchBase data is in principle amenable to be modeled in RDF.
The data stored in the CrunchBase database is usually accessed via a web browser. However, CrunchBase also provides its data in other ways. The following options for data access are provided:
Open Data Map (ODM) is a package of JSON or
CSV files which provides daily updated information about people and organizations. The ODM only provides a restricted set of entity attributes. 2. The Excel Data Export provides a monthly updated spreadsheet, containing a partial view (companies, rounds, investments, and acquisitions) on the overall data. 3. The REST API allows for accessing the entire contents of the CrunchBase database.
Noteworthy is the unusual licensing model of CrunchBase. On the one hand, all CrunchBase data is licensed partly under Creative Commons AttributionNonCommercial License 4.0 (CC-BY-NC) and partly under Creative Commons Attribution License 4.0 (CC-BY), independent how it is provided (e.g., via browser or API). 5 This means that we are allowed to provide a data dump as well as a wrapper which uses CrunchBase data. On the other hand, for using the CrunchBase REST API, the user has to obtain an API key from the CrunchBase team. Presumably, CrunchBase wants to keep control over the usage of their infrastructure. There are different kinds of access granted. We use a free academic research access.
Using Semantic Web technologies such as RDF on the CrunchBase API leads to the following benefits:
1. More complex queries: Although the CrunchBase data is internally stored as a graph, CrunchBase does not provide an interface for querying with a graph query language such as SPARQL. Instead, the CrunchBase API only allows entitycentric requests, revealing information in JSON format about specific entities with their attributes and relations. A typical API request can be formulated in natural language as: "Show me all stored acquisitions of Facebook Inc." 6 In contrast, many professional CrunchBase users may want to formulate more elaborate queries. 7 Such a query, formulated in natural language, might be: "Which companies in the category "Semantic Web" have got funded since 2000?" Base data available in RDF, one can combine the data with other RDF data. For instance, the information about the location and the technology sector of companies in CrunchBase can be combined with information about job offers from an online job seeker platform. By integrating data from both platforms, one can pose queries such as: "Find all companies within the area of city X which offer jobs in the field of Y." Mochol et al. [8] give an example of how to use Semantic Web data to achieve the answering of such questions. In this paper, we make the following contributions:
-We provide a process-oriented description of creating a Linked Data wrapper, which transforms JSON provided by an API into RDF (in both JSON-LD and N-Triples serializations). We implement our workflow on the CrunchBase REST API, but the method can serve as template for wrapping any access-restricted REST API with JSON output. Both an implementation of the Linked Data wrapper and a deployed version of it are available online (see Table 1 ). The CrunchBase Linked Data API has been applied in two use cases so far (see Section 4). -We show how an up-to-date RDF data set of CrunchBase can be obtained at any time with the help of the Linked Data wrapper. The data set can subsequently be used for a variety of use cases such as market monitoring and is freely available Regarding the linked data set description papers published by the Semantic Web Journal so far [4] , five out of all 38 papers mention JSON as input data format, but only the description of the Facebook RDF Wrapper [10] and of LinkedSpending [3] describes a conversion of JSON to RDF. For the Facebook RDF Wrapper, JSON-LD was considered, but disregarded, "since its conventions varied too widely from the existing JSON format." [10] Since the publication of [10] , things have changed: JSON-LD became a W3C recommendation 9 in 2014. More and more developers use JSON-LD 10 as it is easy to transform existing JSON to JSON-LD. If JSON-LD is used, the many existing web applications and web services which are so far based on JSON can then also be used in the Semantic Web. Moreover, JSON-LD can be easily converted into other RDF serialisations; thus, JSON-LD applications and services are compatible with RDF-based applications and services.
Other approaches often convert entire data sets to RDF. In contrast, we first provide a Linked Data interface to the API to access live data as RDF, and then create a data set via crawling. Such an approach allows for the collection of parts or all of the data, and provides up-to-date access to data about entities.
In the following, we give a short overview of the Linked Data API and of the RDF data set, before describing them in more detail in the following sections. 9 See https://www.w3.org/TR/json-ld/, requested on Feb 5, 2016. 10 See https://trends.builtwith.com/docinfo/ JSON-LD, requested on Feb 5, 2016. Our workflow to create the Linked Data API is shown in Fig. 1 . We first set up a simple RDF API to harvest an initial RDF data set via crawling. We use the initial RDF data set to enrich our Linked Data API with owl:sameAs links to DBpedia. The obtained links are then integrated into the API, so that the links are available when a URI of the wrapper is dereferenced.
We have implemented the Linked Data API for CrunchBase. The code of the wrapper is available on GitHub 11 under the MIT license, and we maintain an instance of the wrapper.
12 Additional information about the wrapper is made available at the entry page. The wrapper provides data in different formats via content negotiation, and enriches CrunchBase entities retrieved from the CrunchBase REST API with owl:sameAs links to DBpedia, which is a hub in the Linking Open Data cloud. Besides the CrunchBase Linked Data API implementation, we provide a description of the service and of the used schema (predefined by CrunchBase) as OWL file and as VoID file.
For setting up a local CrunchBase RDF Knowledge Base for research on news monitoring [1] , we built a CrunchBase RDF data set with the help of the implemented CrunchBase Linked Data API. We thereby restricted ourselves to facts of organizations, people, products, and acquisitions, since entities of those types contain the facts which are -in our minds -the most important for our news monitoring task. We crawled in October 2015 and retrieved 7,373,480 unique entities. The crawled CrunchBase RDF data set can be reused by all researchers who want to extend existing Knowledge Bases with CrunchBase data or who want to analyze the RDF data set for their own purposes. The rest of the paper is organized as follows: In Section 2, we present our Linked Data API for CrunchBase, which is designed as a wrapper around the official CrunchBase REST API. In Section 3, we give insights into our CrunchBase RDF Knowledge Graph whose data was crawled with the help of the CrunchBase Linked Data API. After describing the usage of the Linked Data API and the crawled RDF data in Section 4, we conclude in Section 5.
The CrunchBase Linked Data API
We now give an overview of our implemented CrunchBase Linked Data API. Fig. 2 shows the basic workflow when accessing data via our Linked Data API. We can distinguish between the following steps:
1. A user application, such as the data integration system Linked Data-Fu [9] , calls the CrunchBase Linked Data API via a HTTP GET request. The request contains the URI, the requested content type, and the CrunchBase API user key. 13 2. The Linked Data API servlet takes the HTTP request and calls the official CrunchBase REST API using the specified information. 3. The Linked Data API servlet receives the data from the CrunchBase REST API and transforms it into one of the provided content types. As far as mappings to DBpedia are available, links to DBpedia entities are included. 4. The user application receives the data from the Linked Data API and further processes the data.
Our CrunchBase Linked Data API provides three different content types:
CrunchBase REST API provides data as JSON. For JSON responses, we forward the data retrieved from the CrunchBase REST API without any modifications. 13 An example API call with cURL is curl -v -H Because we provide the CrunchBase Linked Data API as a third-party tool on top of the CrunchBase REST API (currently in version 3), the RDF wrapper needs to be modified as soon as the CrunchBase API changes. This is ensured by a process of monitoring the CrunchBase mailing list.
API Authorization
Since the official CrunchBase API is only accessible with an API key, users of the CrunchBase Linked Data API also need to provide a valid API key for requesting data. When using the CrunchBase JSON API, the key is passed via a parameter in the URI. However, applying this method to the CrunchBase Linked Data API, the API key would be part of the identifier and public for everyone. To resolve this issue, user agents can pass the API key through the Authorization header field.
14 Our approach allows a neat integration of the CrunchBase Linked Data API in other services and frameworks, since the URIs do not need to be modified due to authorization and since standard web technologies are used.
As the CrunchBase data is licensed under CreativeCommons licenses and can thus be reused, 15 we decided to provide some RDF data from a static copy of CrunchBase if no API key is given. To do so, the Linked Data API checks if the Authorization header is set in the HTTP request. If the header is not set, a SPARQL query against a triple store with CrunchBase data is executed and the results are served to the user. This approach enables that all URIs provided by the CrunchBase Linked Data API are dereferencable and can be requested by anyone on the Web. Our Linked Data API is therefore also visible and partly usable for users who follow a link to our API, but who do not possess an API key. Table 2 shows the URI design for accessing the Linked Data API. Since the URIs for the official CrunchBase API 16 and the Linked Data API are designed in the same way, every request sent to the official CrunchBase API can be sent to our wrapper.
URI Schema Used by the Linked Data API

Schema Used by the Linked Data API
For the CrunchBase Linked Data API, the data model of the official CrunchBase REST API is reused and only slightly modified. All entity types and the set 16 See https://data.crunchbase.com/docs/ using-the-api/, requested on Aug 2, 2016.
of possible attributes and relations between entities remain. Fig. 3 illustrates the classes and relations used in the data returned from the wrapper. The schema of the Linked Data API is dereferencable and described in an OWL file, which is provided on our Linked Data API entry page. Furthermore, we enriched our ontology with VOAF (Vocabulary-of-a-Friend) 17 descriptors. VOAF is an extension of VoID, in order to link our ontology to other vocabularies and to introduce the vocabulary to the Linking Open Data community. 18 We can outline further characteristics of the data modeling used by the Linked Data API: types are modeled as blank nodes due to that representation form. 20 2. Noteworthy is also the possibility to model uncertainty for date values. The uncertainty value is stored as decimal representation ranging from 0 (complete unknown/unsure) to 7 (very confident/knowing the exact date). Based on this encoding, property values stored as strings can be easily converted to the XML schema definition (XSD) format 21 such as xsd:date if they are valid.
Linked Data is based on the best practice to use existing vocabularies and to link entities, classes, and properties between data sources in the Linking Open Data (LOD) cloud. As the topic of CrunchBase is to some degree domain-dependent, we did not find a proper vocabulary for CrunchBase. Therefore we decided to use our own vocabulary and link it to suitable entity types and properties from schema.org. We created 32 equivalentProperty, 16 subProper tyOf, 9 subClassOf, and 11 equivalentClass 20 These include the following entity types: Organizations, News, Images, Videos, Acquisitions, Categories, Addresses, Websites, Jobs, Investments, FundRaises, Products, Locations, Degrees, Markets, and WebPresence. The last two are not listed in the official CrunchBase API documentation. 21 See https://www.w3.org/2001/XMLSchema, requested on Feb 5, 2016. Table 3 shows some examples of entity types which are linked to schema.org. The list of all mappings is provided in the form of an OWL file. 
Linking CrunchBase Entities to DBpedia
We created a list of owl:sameAs links between CrunchBase entities and the corresponding DBpedia entities to be able to include the corresponding owl:sameAs link in the returned data about an entity. We created mappings between CrunchBase entities and DBpedia entities for different entity types 22 See http://km.aifb.kit.edu/services/ crunchbase/ontology.owl, requested Feb 5, 2016. such as organizations, people, and products. However, our evaluation revealed that only mappings of CrunchBase organizations provide an acceptable precision rate. We therefore included only those mappings into our Linked Data API. In the following, we describe the details of the different mapping methods.
Organization Mappings
The mapping between CrunchBase entities of type organization and DBpedia entities led to acceptable precision rates. For each CrunchBase organization, the mapping method checks whether it can find a DBpedia entity which possesses the same homepage domain as the CrunchBase entity; i.e., it compares the attribute value of homepage in CrunchBase with the property value of foaf:homepage in DBpedia. For a better string comparison, we only considered the Fully Qualified Domain Name (FQDN). If there is a match, the entity pair is added to the mapping list. In total, we obtained 16,702 mappings for all 567,937 CrunchBase organization entities. The recall value of the mappings seems to be low. Keep in mind, however, that, firstly, the overlap between CrunchBase entities and DBpedia entities is generally quite low (see below for an analysis). One of the main reasons is that CrunchBase has no restrictions regarding the insertion of new entities or facts: Any contributor can add new entities. While the same also holds for Wikipedia, bots and Wikipedia contributors delete new entities if these entities do not seem to be of general public interest. 24 Secondly, another reason for the low recall might be that the entity types and the property values of foaf:homepage are not always very clean in DBpedia.
To evaluate the precision of the gained owl:sameAs links, we manually evaluated 100 randomly chosen owl:sameAs triples of CrunchBase organization entities. 92 of them were completely correct. Most of the incorrect mappings (six out of eight) went wrong since organization A was mapped to a sub-organization B of A or the company A had been acquired.
People Mappings
People constitute the second-largest group of entities after organizations. People entities, however, require higher effort for mapping. Using just the given name and surname leads to a very high rate (about 90%) of false positives, since a lot of people have the 24 See Wikipedia's notability guidelines at https: //en.wikipedia.org/wiki/Wikipedia:Notability (requested Aug 2, 2016). same names (e.g., Brian Ray, who is the CEO of Link Labs on CrunchBase, but a musician on DBpedia).
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To evaluate the accuracy of this mapping strategy, we randomly picked 300 CrunchBase person entities and for each entity verified via manual investigation on Wikipedia whether there is a corresponding entity in DBpedia, whether there is no corresponding entity in DBpedia for sure, or whether no statement can be made, since, for instance, not enough information is available for disambiguation. We only considered people in Wikipedia with the same given name and family name as given in CrunchBase. We came to the following conclusions:
-263 out of the 300 (87.7%) CrunchBase people entities do not exist in DBpedia. -5 out of the 300 have a counterpart in DBpedia.
-For 32 people, not enough information was available to determine with confidence whether the entity exists in DBpedia.
Based on these results, we decided not to create owl:sameAs links between people in CrunchBase and DBpedia.
Product Mappings
Products exhibit similar difficulties w.r.t. mappings to DBpedia as people. There are almost no modeled relations or attributes for products which we could use, only the manufacturer/owner, the name, and the description. We leave product mappings therefore for future work.
The CrunchBase RDF Data Set
Besides creating a Linked Data API for CrunchBase, we also obtained an RDF data set containing information about CrunchBase organizations, people, acquisition, and products (including their attributes and relations). 26 Our goal was to build a local CrunchBase RDF Knowledge Base which can be used in the context of news monitoring in the technology business domain. Thereby, facts extracted from the news texts such as acquisitions or products of companies are compared with the facts stored in the CrunchBase KB. We 25 See https://www.crunchbase.com/person/ brian-ray#/entity and http://dbpedia.org/page/ Brian_Ray, requested on Feb 2, 2016. 26 The RDF file is available at http://km.aifb.kit.edu/ sites/crunchbase/crunchbase-dump-201510.nt. gz.
restricted the crawling of CrunchBase data to the mentioned entity types as those are highly relevant for the scenario.
We built the CrunchBase RDF dump in conjunction with the information integration framework Linked Data-Fu [9] along the following steps:
1. We crawled all so-called summary data via the CrunchBase Linked Data API by using URIs for the summary lists of organizations, people, and products. 27 The summary list data contained the most important facts about the entities of the mentioned entity types. To retrieve all the data we were following the next_page_URI since the CrunchBase API spreads information across multiple pages. 2. We crawled all the information about people, products, and organizations by requesting the api_path URIs which are contained in the summary data. We thus obtained all missing data (attributes and relations) regarding people, products, and organizations. 3. As CrunchBase lists only eight entities per relation via those API requests, we have to crawl separately every relation of any entity in case the relation has more than eight different objects. Note that the API calls take time, as the Linked Data API is restricted to the same 1 second limit for requests that the official CrunchBase REST API has.
The original CrunchBase API uses some meta-data attributes such as uuid (as id for an entity), the web-path, the api-path, etc. As this meta-data is not relevant for building a Knowledge Base with CrunchBase data, it is excluded from the CrunchBase RDF file.
Since the crawled CrunchBase entities are highly linked to entities of further entity types, our final CrunchBase RDF data set included entities of 25 different entity types and 210 different relations (KB properties). We retrieved 83,737,509 unique triples in total. Table 4 shows the distribution of the entities among the different entity types. Not surprisingly, CrunchBase' main focus is on organizations (including companies) and related entities such as people, products, acquisitions, and jobs. News and websites are also well covered due to the affiliation of CrunchBase to TechCrunch. 27 I.e., /api/organizations, /api/people and /api/products. The VoID specification 28 is an RDF Schema vocabulary for describing linked data sets. VoID is intended as a bridge between the publishers and users of RDF data. On our API entry page, we provide a VoID file for further usage.
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There are two kinds of 5-star rating schemes in the Linked Data context: -The 5-star deployment scheme for Open Data developed by Tim Berners-Lee: 30 Our CrunchBase RDF data set is a 5-star data set according to this scheme, since we provide our data set in RDF (leading to 4 stars) and link entity URIs (organizations) to DBpedia and our vocabulary URIs to other vocabularies (leading to 5 stars).
-Linked Data vocabulary star rating [5] : This rating is intended to rate the use of vocabulary within Linked (Open) Data. By providing an OWL-file, linking our vocabulary to schema.org, and creating a Vocabulary-of-a-Friend (VOAF) file, 31 we are able to provide the CrunchBase vocabulary with 4 stars.
Usage
The presented CrunchBase Linked Data API and CrunchBase RDF data is useful in a variety of scenarios as CrunchBase provides data which is in most parts not covered by other Linked Open Data (LOD) 28 data sets. We implemented the CrunchBase Linked Data API by means of the W3C Semantic Web standards RDF and JSON-LD; furthermore, we provide a schema description in OWL and a vocabulary description in VoID. All this allows the Linked Data API and the crawled data to be integrated in any Semantic Web application.
In the following, we elucidate concrete scenarios in which a CrunchBase Linked Data API or an RDF version of CrunchBase has been used.
Usage of the CrunchBase Linked Data API
The following RDF wrappers for CrunchBase have been developed and used so far: and amateur individual investors to understand the performance of a particular company more efficiently." This was achieved by linking heterogeneous financial data and by tracing their provenance. Lee et al. show that the integrated RDF data allows a better comparison of financial reports, that it supports new KPI definitions, and that it allows timely access to external data. Regarding CrunchBase, RDF data about funding, competitors, company acquisitions, main people in charge, and products were integrated into the framework. The authors of [6] used a first version of our CrunchBase RDF data set. In the current article, we present an updated version of the CrunchBase RDF data set, which contains considerable more entities and more diverse entity types.
-In [1] we showed the usage of the CrunchBase RDF dump as it is presented in this article for the purpose of monitoring news to find statements which are not in a Knowledge Base so far. We used the owl:sameAs-relations between CrunchBase entities and DBpedia entities to be able to use an existing entity linking module for linking mentions in text to CrunchBase entities.
The CrunchBase RDF data set can also be used for data visualization and exploratory data analysis. Fig. 4 shows an example visualization, given the natural language query "Get all acquisitions of start-ups founded after 2010 with an price greater than 1 bn USD, sorted by price in descending order." The CrunchBase RDF data set can be utilized not only by business people, but also by researchers such as of social studies. Xiang et al. [11] and Liang and Yuan [7] give an idea of that: They have made analyses on a CrunchBase data set which they created on their own. Liang and Yuan, for instance, used CrunchBase data to build a social network graph. Based on the graph, they applied various link prediction techniques to explore how similarity between investors and companies affects the investing behavior. One of their findings is that if investors and companies share too many common neighbors, investors are less likely to invest in such companies. For creating their CrunchBase data set, Liang and Yuan [7] used Facebook as seed entity and then crawled entities which are at most four hops away. This procedure resulted in about 12,000 companies and 12,000 people. The CrunchBase RDF data set proposed in this article, in contrast, contains about 568,000 organizations (including companies) and 430,000 people. Thus, more "Get all Acquisitions of startups founded after 2010 with an price greater than 1 Bio USD, sort it by price (descending, in M USD)": "Get all IPOs with an opening value greater than 1000M USD sorted by value (descending, in M USD)" (limit to first 10):
"Get all persons with more than 5 companies founded": comprehensive and in-depth studies are possible based on our data set.
Conclusions
We have presented a method for bringing the CrunchBase API to the Semantic Web. To that end, (i) we have implemented a Linked Data API as wrapper around the publicly available CrunchBase REST API; (ii) we have crawled the data from the wrapper for building a local CrunchBase data set. Both the Linked Data API and the RDF data set are freely available. To ensure the best possible usage and impact of the Linked Data API and RDF data set, we proceeded along Linked Data best practices such as describing the API, the RDF dump, and the schema via published OWL and VoID files, mapping CrunchBase relations and classes to relations and classes from other vocabularies, and integrating owl:sameAs links to entities in DBpedia. Our work can serve as blueprint for providing a Linked Data interface to other JSON APIs. Other people used our CrunchBase API and our crawled CrunchBase RDF data set for data integration purposes. Existing works show that CrunchBase RDF data can be applied for exploratory data analysis, too. In the future, we intent work on a better linkage to DBpedia and on semantic question answering on top of the CrunchBase RDF data set.
